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Normal and superconducting states of MgCNj upon Fe and Co substitution
and external pressure
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Results of our study on the superconducting and normal-state properties of the recently discovered super-
conductor MgCNj, the effect of Fe and Co substitution at the Ni site and the effect of pressure are reported.
It is shown that a two band model provides a consistent interpretation of the temperature dependence of the
normal-state resistance and the Hall constant. Whereas band structure calculations suggest an ifi¢yease in
upon partial substitution of Ni with Fe and Co, Co substitution quenches superconductivity and Fe substitution
leads to an increase followed by a decreas€.nThe observed variation df. may be explained in terms of
competition between an increaseTip due to increase in density of states and a decrease due to spin fluctua-
tions. Based on these results, it is suggested that the spin fluctuations are weaker in Fe doped samples as
compared to the Co doped ones. An initial decreasg&.itiand the normal-state resistandellowed by an
increase is observed on application of pressure. The decredsefan small applied pressures can be under-
stood in terms of the decrease in the density of states at the Fermi level. The subsequent indrgasthin
pressure is due to a lattice softening or a structural phase transition, consistent with the band structure calcu-
lations. It is conjectured that suppression of spin fluctuations by pressure may also be responsible for the
observed increase if, at higher pressures.
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I. INTRODUCTION NMR measuremefitbelow T,, on the other hand, shows a
coherence peak whose magnetic field dependence is consis-
The recent discovelof superconductivity in the interme- tent withs-wave pairing. The temperature dependence of the
tallic compound MgCNj has initiated a number of studies electronic specific-heat beloW is consisterftwith the con-
aimed at elucidating the nature of its normal and superconventional electron-phonon mechanism for superconductivity.
ducting states. Apart from the fact that it is the first knownAnalysis of the specific heat data suggests that this com-
superconducting compound which has a perovskite structungound is a moderately strong-coupl@dectron-phonon cou-
without oxygen, the interest is mainly due to the preferencepling constanh ~0.77) superconductor. The obser¢éem-
of superconductivity over ferromagnetism which is ratherperature dependence ¢f., is typical of a conventional
unexpected in a compound whose main ingredient is Ni. Bysuperconductor in the dirty limit. Thus a complete under-
proposing an electronic analogy with the superconductingtanding of the superconducting and normal states of this
oxide perovskites, Het al! suggested that holes in the Ni  compound is yet to emerge.
states might be responsible for electrical conduction in this There have been a number of first principle electronic
compound. The signs of the measured Hall condtand  structure calculations using tight binding linear muffin tin
thermoelectric powérare, however, consistent with normal orbital (TB-LMTO),”~° full potential linear muffin tin orbital
state transport occurring mainly due to electronlike carriers(FP-LMTO),'° and full potential linear augmented plane
Most of the normal-state transport properties, such as thwave (FP-LAPW) " methods, within the local density ap-
electrical resistivityp(T), Hall coefficientRy(T) and ther-  proximation (LDA), to understand the electronic and mag-
moelectric powerS(T), show unusual temperature depen-netic properties of MgCNi and related compounds. LDA
dence. They are not amenable to a single unified description U calculations* on MgCNi; with U=5 eV yields essen-
encompassing the low- and high-temperature regimes. Faially the same band structure as that of the LDA, indicating
example, the Hall coefficient is almost temperature indepenthat electron-correlation effects of Nid3electrons are unim-
dent below 140 K, but, its magnitude decredseith in-  portant in this compound. This is consistent with the fact that
crease in temperature above 140 K. Even though the convethe measured value of the Wilson rdfiés only 1.15, typical
tional Bloch-Gruneisen expression provides a good fit abovef a system with modest electron-correlation effects. The re-
70K, a power law seeriso be better fop(T) below 70 K. sults of these calculations are quite sensitive to the methods
An electronic crossover occurring af, ~50 K was employed and also to the numerical values of the parameters.
proposed to account for these anomalies. The normal-statéThe general features of the band structwéich, however,
NMR properties of MgCNj are also anomalofisnd similar ~ are essentially the same in all these calculatioren be
to what is seen in the exotic superconducto,bRHIO;,. briefly summarized as follows: There is a strong hybridiza-
Observation of a zero bias conductance peak in the tunneltion between the Ni-8 electrons and the Ci2electrons and
ing spectrum is argued to be a signature of unconventionahus carbon plays the crucial role of the mediator of electron
pairing (as in the case of SRuQ,) in this compound. The hopping. Two of the bands cross the Fermi le#gsl and
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hence both of them contribute to conduction. The density of L , , T
st_ates at the Fermi Iev@N(EF)_] i_s prgdqminantly due to 100 | MgCNi,
Ni-3d electrons. One of the distinguishing features of the .
density of states of this compound is a sharp peak around 80 *Ni
meYV (its location is very sensitive to the method of calcula-
tion) below Eg arising from thew antibonding states of
Ni-3d and C-2 states. The Stoner enhancent&ig moder-
ately strong to cause ferromagnetic spin fluctuations, but, not
strong enough to obtain a ferromagnetic ground state.

It is well known that the perovskite structure is conducive
to a variety of interesting physical phenomena such as super-
conductivity, magnetism, colossal magnetoresistance, etc.
Soon after the announceméwf the discovery of supercon-
ductivity in MgCNi;, TB-LMTO calculations were
performed to obtain guidelines for synthesis of related com- 20
pounds with interesting physical properties. The results of
the calculations for the pristine MgCNare consistent with L_U
the reports now available in the literat§é> Our calcula- 0
tions showed that MgCMyy MgCFe, and MgCCgq may
form, but they would be magnetic. Replacement of Mg with T ] ] T
other alkaline-earth elements Ca, Sr, and Ba would be inter- 20 % 4 20 b W E
esting. For example, CaCNi CaCFg, and SrCCg would 28
be magnetic, whereas SrGNiBaCNg, and CaCCg would
be nonmagnetic. As mentioned earlier, band structure calcqﬁa
lations showed that the Fermi level in MgGNies towards

the right side of a peak in the density of statB©S) N(E). i . .
Removal of half an electron per formula unit would shift the stc_)|ch|ometr§/ in the compound. The raw materials were

Fermi level to the peak in the DOS. Within the rigid band mixed tho.roughly and were pressed into pellets. .The pellets
approximation(RBA), this can be achieved by substitution were subjected to the heating schedule described by He

. : : : : et al,! in an atmosphere of 92% Ar and 8%, H
of Niz by Nig;sCoyj, Or Niqq47€154. Our spin-polarized super- ' 2 .
cell calculations for MgCNi_ M, showed an increaséut The crystal structure of all the samples are characterized

much less than the RBA estimate N(E.), and more im- b_y x-ray diffraction. Ac suscepti.bility and four-probe dc re-
portantly,absenceof a magnetic moment féx= 1/4 and 1/2 sistance have been measured in the range 4.2—-300 K using
(M —Co), andx=1/4 (M =Fe). Hence a’n increase W, is home-made dipsticks. The high pressure resistance measure-

— S NS ment has been carried out for the pristine MggNsing a
expected untilx=1/2 for M=Co andx=1/4 for M=Fe.

Furthermore, our calculations suggest a structural instabiIit)%)hrsS,’f“:')lilrr(_e L%%l;e?ngt%%cés?sing?cr:;ﬁgui?r/]" ?D%pﬂiau;rlr?gter is
when the lattice parameter is changed either way. In particu- f P I.b' . pW h Ig h terized th
lar, a lattice instability is conspicuouim the calculationat a uged Of pressure cail rgthn. € have also characterized the
: y P microstructure of MgCNj with SEM.
modest estimated pressure-eR GPa. Hence effect of ap-
plication of pressure in this system would also be interesting.
In what follows, we present the results of our anaf/st8of IIl. RESULTS AND DISCUSSION
the normal-state resistance, the variation in superconducting
properties upon Fe and Co substitution, and the effect of The x-ray patterns of the undoped and doped samples are
pressure on the superconducting transition temperature arf@nsistent with a perovskite structure with the space group
normal-state resistance of MgGNi Pm3m. Small amounts of unreacted \&2-5% and MgO
impurity (<2%) were present in some of the samples. Ex-
cept for these blemishes, all the samples are of good quality,
with sharp x-ray diffraction peaks. The XRD pattern for
In addition to the pure MgCNj a series of compounds MQgCNi; is shown in Fig. 1 as an example. The lattice pa-
MgCNi;_,M, (x=0.05, 0.15, and 0.30 foM=Fe; x rameter for the unsubstituted MgGNwas found to be 3.810
=0.05, 0.10, 0.20, and 0.40 fdv=Co) were prepared in (*=0.0004) A which is in agreement with the values re-
order to investigate the effect of hole doping. The samplegorted in the literature. No significant change in lattice pa-
were prepared by following the solid state reaction route derameter was noticed upon partial substitution of Ni with Fe
scribed by Heetall Starting materials used were Mg or Co. This observation is consistent with the very small
(99.899, Ni (99.99%, Fe (99.999%, Co (99.99%, and variation of the lattice parametex(x=0)=3.806 A, a(x
amorphous carbo99%), all in the form of powder. 20% =3)=3.802 A, seen in the study of MgCNi,Co, by Ren
excess of Mg is taken in the starting mixture in order toet al?°
compensate for the loss of Mg due to evaporation. Also an The variation of resistancR with temperatureTl of the
excess of 50% C is taken to obtain the optimum carborpristine MgCN} is shown in Fig. 2. It can be seen that the
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FIG. 1. X-ray diffraction pattern of pristine MgCRNiThe lines
rked with an asterisk correspond to unreacted Ni.

1. SAMPLE PREPARATION AND CHARACTERIZATION
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this photograph, entails a much longer and corrugated path
(as compared to the bylKor the electrons. This makes the

) ‘ usual procedure of multiplying the resistance by thrter-

. nal) area/length of the sample to get the resistivjy
erroneou$?! Since the actual path length of the electrons in
T such a poorly connected medium is longer than that in the
bulk, the apparent resistance will be larger than what is ex-
pected from a scaling based merely on the external
- geometry?! Hence there is a need for a geometric renormal-
ization while converting resistance into resistivity in sintered
samples. Our sample is more loosely packeompared to
that of Heet all) and hence the larger apparent resistivity of
our sample. A superconducting transition with an orisetl)

T. of 8.13 K(7.69 K) is observed90-10 % of the transition
width AT.=0.34 K). The ac susceptibility measurement
7 (see Fig. 7 shows a lowefl . (onsetT,=7.35 K) consistent
with the values reported in literatute.
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FIG. 2. Resistance as a function of temperature for pristine R(T)=A+ BT2+ CG(T,0). 1)
MgCNisz. The continuous line is a fit to a two band model of con-
duction. The normal state resistance is plotted as a function of temin Eq. (1), the constanf represents the contribution to re-
perature on a log-log scale in the inset to show that the fit is indeedjstance from electron-impurity scatterin@,Tz term ac-
very good in the entire range. counts for the contribution to resistance from electron-
electron scattering and also from spin fluctuations, and the

shapeof the R(T) curve presented here is very similar to last term represents the electron-phonon scattering. In order

those reported by Het al! and Liet al? The residual resis- t0 get some insight into the nature of tfteansport electron-

tivity ratio of this samplg R(300 K)/R(10 K)]is 2.2 simi-  phonon coupling functior;F (w), the fitting was performed

lar to that obtained by Het al! However, themagnitudeof ~ with two possible functional forms foG(T,0): (1) the

the resistivity obtained in this study is approximately 30Bloch-Gruneisen function

times more than that of Het al! and 10 times that of Li

et al? This discrepancy can be understood in terms of the Nz X" (G}

possible differences in the microstructure that can be ex- G(T@):(E) fodx[(ex—l)(l—e‘x)]' =3

pected from the fact that unlike in the study of kfeal.* our

samples were not subjected to high pressure sintering. Figure n=3 or 5,

3 shows an SEM pattern of one of the MgGNamples. The

fractal character of the sample, which is quite evident fronmthat takes into account the scattering of the electrons with all
the (acousti¢ phonons, and2) the Einstein form

B z _@
CM.O)=r@—pua=es =T

which allows for coupling of the electrons with a specific
phonon mode. We found that the Einstein model gave a bet-
ter fit to the resisitivity data of MgCNiat ambient and high
pressures than the Bloch-Gruneisen model. This clearly
shows that the electron-phonon coupling funcm'rfrlF(w) in
MgCNis; is sharply peaked at the frequenay, given by
hw, =kg®, wherekg is the Boltzmann constant.

The coefficientB obtained using the fit turns out to be
negative and also the fitted value of the Debye temperature
(®~110 K) is too low. If we substitute this value 6f and

FIG. 3. Microstructure of a MgCNisample. Fractal-like char- the reported value of the electron phonon coupling constant
acter of the sample can be seen. (A=0.77) in the McMillan’s formula fofT. given by
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; | — pen=AentBenT?+CenG(T,00). (4)
CMeCNi, . g With B, and B,, both positive, it is possible to obtain an
7" | v | effective resistivity such that a fit with E¢l) would give a
] ‘ negativeB.
6 - D(E)-Banda | The continuous line in Fig. 2 is a #tof the normal-state

D(E)-Bandb | resistanceR(T) using the two band model for conduction

Iy given by Eq.(3). It can be seen from the figure that the fit is
| very good—the root mean square fractional deviation

Y I ] _Jlg(fWﬂ%mﬂvz

N &1 p™P(T))

between the observeg{®) and fitted p) values of the
resistivities, is found to be less than 0.00&h, (~110 K)
obtained from the fit is seen to be smaller théh,
(~250 K). That is, the electronlike carriers are coupled to

D(E)(states/eV/unitcell/spin)

1r low-frequency phonons as compared to holelike carriers
. ‘ which are coupled to higher frequency phonons. Assuming
0 ! ‘ 4 the value of the hole-phonon coupling constanto be the
-3.0 2.5 -2.0 -1.5 -1.0 same as that obtained from the specific heat measurément,
E (eV) we get aT.comparable to the experimental value. Thus we

can infer that superconductivity in MgCNis due to holelike
FIG. 4. Den'_sity of states corre_sponding to the two bands th&}tarriers_ Sincepe(T) is much less thap,(T), the effective
cross the Fermi level. One band is nearly empty and the other igesistivity p(T) will be close top,(T) and hence the value of

almost full. O that one gets with a fit ob(T) to Eq. (1) will be close to
Q..
Op —1.041+N\) Assuming phonons associated with rotation and breathing
Te= 125 & A—pu*(1+0.620))" @ of CNig octahedra to be important for superconductivity in

MgCNi;, Singh and Mazitt performed a frozen-phonon
we get the superconducting transition temperaiye 4 K, zone-corner calculation of the electron-phonon interaction
much less than the experimental valwe have takemu* to parameter\. Their calculations showed that the octahedral
be 0.1. rotation mode(with the estimated frequency 105 cnit

This and the reportédemperature variation of the Hall =151 K) has a larger coupling with the charge carriers than
constant are consistent with a two band model of conductiothe breathing mode (with the estimated frequency
involving “light” electrons coupled to low-frequency ~349 cm *=502 K). Detailed investigations are neces-
phonons and “heavy” holes coupled to high-frequencysary to see if the charge carriers that couple to the octahedral
phonons. As mentioned in the Introduction, band structure rotation modes are holelike or not. It is also worth investi-
calculation®® show that two bands cross the Fermi lesde  gating the effect of anharmonicity on the mode frequency
Fig. 4) one almost full(designated as band and the other and\. The question is will the frequency of the octahedral
nearly empty(band b. There are equalumberof electron-  rotation mode get renormalized from 151+®50 K which
like and holelike charge carriérsin this compound and the is inferred to be important for superconductivity on the basis
effective mass of the holelike carrier is almost ten times thabf the analysis of resistivity?
of the electronlike carrier. Therefore the normal-state electri- The reported variation of the Hall constaRf(T) can
cal conduction will be mainly due to electrons and hence welso be qualitatively explained in the two band model. The
can expect the Hall constant to be negative. However, bothall constantR,(T) is the weighted sum of the Hall con-
the electrons and holes will be contributing to the conductivstantsR,. and Ry, due to the electrons and holes, respec-
ity o(T) and hencer(T) will be the sum of the conductivi- tively, and it is given by
tiesao(T) andoy(T) due to the electrons and holes, respec-

tively. Therefore the effective resistivify(T) can be written [ B ( Pe”
as (RHeag-i- RHhoﬁ) ! E
e (oet Uh)z e pe|| ©
o(T)=Ag+ Pe(T)pn(T) 3 1+(E
pe(T)+pn(T)’

Since the number of electrons is equal to the number of holes
where pe(T)=1lo(T) and pp(T)=1/op(T) , andAy is a  Ryp= —Rpe and hencdry<0. If d/dT(pe/pn) >0, then the
constant added to take care of the effect of defects in thenagnitude ofRy also will decrease with temperature thus
sample. In Eq(3) p<(T) andpy(T) have separate tempera- explaining the reported Hall effect behavior. We thus see that
ture dependences a consistent interpretation of the temperature dependence of
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FIG. 5. Temperature dependence of the concentratj¢f) and
ny(T) of electronlike and holelike carrief®Ref. 23, respectively.
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FIG. 6. Rvs T for the Co substituted samples for various con-
centrationsx of Co. T, decreases and the transition widdir .

Both of these increase by 4% when temperature increases from 0 increases monotonically with T, corresponding to the midpoint of

to 300 K.

the resistive transition is shown in the inset.

both the normal state resistivity and the Hall constant can b@9ain is consistent with the results reported in the literafure.
achieved by invoking a two band model of conduction. ItF€ substitution, on the other hand, leads to an increag in

remains to be seen whether the same physical picture cdfllowed by a decrease. The superconducting transitions
provide a satisfactory interpretation of the anomalies seen iffaced for the Fe substituted compounds are shown in Figs. 8

the thermopower and NMR relaxation rate.

We have also tried to study the effect of the proximity of
the peak in the density of statésn Hove singularityclose
to the Fermi level on the resistivity. It is séahat the chemi-
cal potentialincreaseswith temperature. As a result of this,
some of the electrons from the almost filled band go to the
almost empty bandithe number of electrons,(T) in the
almost empty band increases at the expense of the number of
electronsn,(T) in the almost full banf]. Thus the numbers
of both electronlike and holelike carriers increase with tem-
perature. As can be seen from Fig. 5, carrier concentration
increases by approximately 4% when the temperature is
raised from 0 to 300 K. This is one of the reasons why the
resistivity is not linear in temperature even in the high-
temperature regime.

B. Effect of Fe and Co substitution

Figures. 6 and 7 represent the superconducting transitions
traced by the resistance and susceptibility measurements re-
spectively for the Co substituted compounds. The transition
temperature decreases monotonically with increase in Co
concentration, similar to the results now available in the
literature?®?°The variation of the midpoirif .with respect to

ac y (arb. units)

—
=)
=)

—
[
S

-200

-250

Temperature (K)

x, the Co concentration, is shown as an inset of Fig. 6. The FIG. 7. acy vs T for the Co substituted samples for various
decrease in the diamagnetic sigf@hd hence the supercon- concentrations of Co. T, as well as the diamagnetic sigriaence
ducting volume fractioncan also be seen in Fig. 7, which the superconducting volume fractjodecreases wit.
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FIG. 8. Rvs T for the Fe substituted samples for various con-
centrationsx of Fe. T, corresponding to the midpoint of the super- ~ FIG. 10. Total energy of MgCNias a function oV/V,, where
conducting transition is shown in the inset. Notice the nonmono-Vo is the equilibrium volume, obtained from band structure calcu-

lations. Notice the abrupt change of slope né&av,~0.985 as well

tonic behavior ofT.
¢ as the nonmonotonic behaviour n&4iV,~1.02.

and 9. The maximunT. is obtained when the Fe concentra-
tion is 0.05. The onset of the Superconducting transition oc- An increase inTC was expected for Fe substitution until

curs @ 9 K for this sample in our resistivity scan. Increasing x=0.25 and for Co substitution tik=0.5, on the basis of a

Fe concentration beyond 0.05 is found to suppfEssThe  simple minded interpretation of the results of the band struc-
ture calculations. However, we observed a monotonic de-

inset of Fig. 8 represents the midpoify as a function of Fe
concentration. crease inT, for Co substitution and an increase followed by
e a decrease for Fe substitution. These results are clearly at
variance with what is expected from the band structure cal-
] culations. The observed variation T, can be explained in
terms of an increase i, due to increase in the density of
states and a decrease due to spin fluctuations: As mentioned
] in the Introduction, NMR measuremehisave shown exis-
tence of ferromagnetic spin fluctuations in MgGNAlso,
magnetic susceptibility measurements have demonstrated
that Co doping enhances spin fluctuations in MggRilf
| we assume the pairing in MgCNis of sswave type, then it
will be suppressed by coupling of electrofmore precisely,
the hole$ with spin fluctuations. Since we get an increase in
T, for small concentrations of Fe, we believe that the spin
fluctuation effect will be relatively less for Fe substituted
compounds as compared to that of Co substituted ones. This

T

| .
0. MgCle_xFex

i
|
L
1

ac y (arb. units)

x=0
x=0.05 | is to be verified experimentally.
x=0.15
x=0.3 -
C. Effect of pressure

| Figure 10 shows the variation of the total energy as a
function of V/Vy (Vg is the equilibrium volumg obtained
from our band structure calculatiohd? Our calculations
Temperature (K) suggestwo lattice instabilities in the ranged.9684,1.027Y

of VIV that has been explored in the present study. The first
is a clear change in slope ¥{V;~0.985 and the other is a

|

4 5 6 7 8 9 10

FIG. 9. acy vs T for the Fe substituted samples.

064510-6



NORMAL AND SUPERCONDUCTING STATES OF MgCN.. . . PHYSICAL REVIEW B 66, 064510 (2002

blip at V/Vy~1.018. In order to gain some insight into the 018 [ i ‘ ]
nature of these instabilities, we looked at the variatioiEpf o 0.8GPa MgCNi,
(the Fermi energy N(Eg) (the DOS at the Fermi levgland v 14GPa

the postition of the Fermi level vis-a-vis the peak in the DOS 015+ © 1.7Gpa e~
with V/V,. Both Ex andN(Eg) varied almost linearly with + 24GPa A
V/IVy. However, Er decreased significantlyby ~25%), x 28GPa

whereasN(Eg) showed a marginal increasgy ~5%) 012 * g; gPZ g JTR.
when V/V, increased from 0.9684 to 1.0277. The Fermi . 6:5 Gga )

level remained to the right of the peak in DOS for the entire
range ofV/V, (that we have exploredThat is,Er did not
pass through the peak in DOS. In order to see if the increase
in Stoner enhancement facfdhat follows from the increase 0.06
in N(Eg)] drives a magnetic instability, we performed spin-

polarized total energy calculations. These calculations unam-

biguously established that MgCNis nonmagnetic in the 0.03
cubic perovskite structure when 0.968¥/V,<1.0277.

Identification of the ground state structure of MgGNit

0.09

R (@)

various pressures is an open problem worth pursuing. 0.00
Of the two instabilities mentioned above, the one at 4 5 6 7 : 9
V/V(,~0.985 occurs at a positive pressure and hence ame- Temperature (K)

nable to high pressure studies. The calculatesing TB- . .
LMTO) bulk moduli of MgCNi; and fcc Ni are 210 and 250 F'G- 11. Rvs T of pure MgCN for various pressures. The
GPa, respectively. The measured bulk modulus of fcc Ni, Orpormal state resistance decreases until a critical press@reGPa

the other hand, is 180 GPa. Thus the LDA calculation ovel"’mOI increases thereafter.

estimates the bulk modulus. We correct for this discrepancy

by scaling the calculated bulk modulus by a factor 180/25(nd the Debye temperatufe, and calculateT; using Mc-
(the ratio of the measured and calculated bulk moduli of fcdMillan's formula, we find a variation of . with pressure that
Ni) and thus estimate the bulk modulus of MgGhi be 151  qualitatively matches with the experimental observation. It is
GPa. With this value of the bulk modulus, we expect thenot yet clear whether the decreasedirwith pressure beyond
lattice instability to occur at a pressure2 GPa. Itis known 2GPa is due to a softening of a particular phonon mode or
that there is no structural or magnetic phase transitions in

MgCNi; as the temperature is varied, at ambient pres€ure. 74
But, there is no investigation of the structure of MgG M

high pressure. It would be of interest to do high pressure

x-ray diffraction on MgCNj to see if the predicted lattice 735 @ l 1
instability indeed occurs or not. Here we report the results of - ) ]

MgCNi,

resistivity measurement up to a presstté GPa. 2 I z
The superconducting transitions and the temperature de- s :

pendence of resistivity of MgCRlitraced for different exter- a e 1 .

nal pressures are shown in Fig. T is found to decrease 7T1E LN /%/ ]

with increasing pressure up te 1.7 GPa and iincreases : :

beyond this pressure. Figure (&R depicts the variation of 70 - ! S ! !

the onsetT. with respect to the applied pressure. The 0.16 S ‘ T

normal-state resistance also shows a similar trend as can be | MgCNj, P

inferred from Fig. 12b), where the variation of the resistance )

at 10 K is plotted as a function of the applied pressure. Thus 0.12 - & : -

the variation of T, with pressure is consistent with the be-

havior expected of a superconductor with the conventional
electron-(hole) phonon mechanism—the larger the normal-
state resistivity, the higher th€.. Band structure calcula-
tions show a monotonic decrease N{Eg) with pressure.
This would imply a monotonic decrease in the electron-
phonon coupling constait, if there is no phonon softening.
The fit of the resistance to E¢l) showed an increase i@

with pressure upto 2 GPa and a decrease thereafter. This
implies a lattice softening commencing at 2 GPa. If we as- FIG. 12.(a) T, as a function of pressuré) Ry,  as a function
sume the usual scalinp\~N(Eg)/©?] of the electron-  of pressure. The continuous lines are guides to the eye. Notice the
(hole) phonon coupling constant with the density of statescorrelation betweef; andR;, .
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due to a structural phase transition. Another mechanism thainsistently explaining the observed temperature dependence
contributes to the increase T, would be the suppression of of the normal-state resistance and the Hall constant. Co sub-
spin fluctuations by pressure, thereby enhancing pairing.  stitution quenches superconductivity, whereas Fe substitution
Before concluding, we would like to touch upon the role causes an increaseTn followed by a decrease. This may be
of carbon, in relation to superconductivity, in this compound.understood in terms of a competition between increasg, in
It is knowrf’ that this compound can form with variab®  due to increase in the density of states at the Fermi level and
stoichiometry. However, superconductivity is abd8htvhen  a decrease due to spin fluctuations. We speculate that spin
the C content is less thanr-0.9. We have performed band fluctuations in Fe substituted samples are weaker than in the
structure calculatiorfusing TB-LMTO) of MgC,g7Ni; by  Co substituted samples. In fact, it is kndithat there is an
constructing an appropriate supercelihe density of states enhancement of spin fluctuations by Co substitution in
at the Fermi level thus calculated is almost the same as th&lgCNi;. The observed nonmonotonic variation Bf with
of MgCNis. Furthermore, Mggs,Ni3 is nonmagnetic as per pressure may also be pointing out the importance of spin
this spin-polarized calculation. Thus the absence of supefftuctuations vis-a-vis superconductivity in MgGNiThe de-
conductivity in MgCNg below aC concentration~0.9 is  crease inT for small applied pressures can be understood in
also surprising. We have, however, found a factor of 2 reducterms of the decrease in the density of states at the Fermi
tion in the height of the peak in DOS close to the Fermilevel. The subsequent increaseTinwith pressure is sugges-
level. This would support the propo$abf a possible con- tive of a lattice softening or a structural phase transition,
nection between the van Hove singularity and superconduaonsistent with the total energy calculations. More experi-
tivity in MgCNi . mental and theoretical efforts are needed to understand these
issues better.
IV. CONCLUSIONS

To conclude, we have synthesized MgGgldnd analyzed
its superconducting and normal-state properties. We have
also studied the effect of hole doping at the Ni site and the The authors acknowledge Mrs. M. Radhika, Materials De-
effect of application of pressure on MgGNit is found that  velopment Division, IGCAR for providing the SEM micro-
a two band model for conduction provides a framework forgraphs of the MgCNi samples.
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